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» Matter-wave Atomic Gradiometer
Interferometric Sensor
— Dark matter and new forces
— Advancing quantum science
— Gravitational wave detector development

» Atom interferometry
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100m shaft Sr atoms will traverse
Atom Source Photo: Stanford University
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My Projects

« Vacuum Simulations for the
Laser Transport System _ Propose materials to
(LTS) implement in the project

— Compare low conductance — Design software for the
designs of lens mounts

— Characterize pressure
profile of the LTS

LED Atom Tracker

different science modes

lon Pump Photo: Ideal
Vacuum Products

2mh + 20mA + 2imA = GOmA

r‘« Tow !

=Rl s power susly § _Smumies

Laser Transport System Arduino Uno and LED strip simulation

Photo: How To Mechatronics
2= Fermilab

3 8/4/20 Jordan Aasman | Intern Poster Session



Vacuum Simulations for the Laser Transport
System (LTS)-Purpose

« Ensure vacuum system has low

enough pressure to meet
experimental requirements

Laser goes
through the
LTS to the
top of the
shaft
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Inside look at the LTS
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Vacuum Simulations for the Laser Transport

System (LTS)-Procedure

FIER @ - & swichwindow [ Window NX 11 - Modeling - [model1.prt (Modified) | SIEMENS - O X
IETM ore  Assemblies Cume  Anabsis  View Render Tools PM  Appication Fermi  3Dconnesion
e Y O T Rl T o @omn MU VO Gonerse MO sutace
B Menu = [No Selection Fitter v | Entire Assembly  ~ - - 0/ /A AH A0+ / R REOB-&-9-w .
©  Part Navigator o

£5 User Bxpressions

- & Model History
8- B¢ Datum Coordinate Sy... ¥
I Extrude (1)

Select objects and use MB3, o double.cick an object

1. Create vacuum tube in NX

Cross Sectional Area
2 NodeB x|y 2 Element ELI:T::;\“ lement Length () | ElementName et | 10 miperimeterol o o™ Element Name
n Number | Number N (m?/s)

1 . || (in) Vacuum piece)
o 2 ov o0 o 1 s 017 HVTube 1 10 s 04132 07150 HVTube
Mo : o3 o0 0 2 esus 0w WVTube 1 2 0 1 L0000 00300 lon Pump
WMo ¢« o0 o0 o 3 esus 017 HVTube 1
o s o 0 o 4 esus 017 HVTube 1
Mo ¢ om0 o 5 esus 017 HVTube 1
o 7 10 o0 o 5 ssus 017 HVTube 1
Mo & 16 0 o 7 esus 017 HVTube 1
Mo 5 1m0 o 8 s 17 HVTube 1
o 0 100 1 0o 9 3037 [ o Pump 2
1
2
3
1

3. Complete spreadsheet with nodes and
conductance data, spreadsheet format
courtesy of Jesse Batko, Fermilab
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(V228 F6 Din{382%8 382607,
13D Viewer seting:
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[ Vokme [~ Testre
<View | [ Vetices [~ indces

Selected Facet (#116)
Partcles in

Desopton [Fosne  (x) [
% Outgassing (mbartst (1
I Outg/aresmbarts/cr?} 00133

Particles out =

Purgng Speed (/s 632555

Sides: |15ided

Opachy fi

Temperatee Kk (2335

Avea (e} 7585065189
[

<Ady | (Detads. || Courd.

B Shortcuts
@ Semutation

<c5n | (_Pesume ] [ eset
% Auto pcle scene
e (B2

Dec. (103 Wies (045 Faea/a

Lesks [Hone.

3

Element NodeA  NodeB Pump(YorN) Node Input (4) Element Input | Pump Input (8) Element Loads (Torr*L/[s*cm"2)) Element Loads (Pa*m/J

1 1 2 N N1000 E12 670613 8.9326E10
000 HVTube 2 2 3 N N2,0.16614775,00 £23 670613 8.9326E10
000 HVTube 3 3 4 N N30332295500 £34 670613 8.9326E-10
0.00 HVTube 4 4 5 N N4,0.49844325,00 45 670613 8.9326E10
000 HVTube 5 5 6 N N50.664591,00 ES6 670613 8.9326E10
000 HVTube 6 6 7 N N6,0.8307387500 67 670613 8.9326E-10
000 HVTube 7 7 8 N N7,0.9968865,00 E78 670613 8.9326E10
000 HVTube 8 8 9 N N§,1.16303425,00 E89 670613 8.9326E10
000 N NL3300

000 lonPump 9 7 10 Y N101,10 E7,10 D,10Tempo

4. Convert vacuum units to thermal
units and generate code

2% Fermilab



Vacuum Simulations for the Laser Transport
em (LTS)-Procedur

§yst

\i) Solution is done!

lain Menu
i Preferences
) Preprocessor
2 Solution
|2 General Postproc
2 TimeHist Postpro
|2 ROM Tool
f) Radiation Opt
[ A\ prvsoL command
File

TIME=1
TEMP

Home Insert Draw Pagelayout Formulas Data

i Calibr (Body n

PRINT TEMP NODAL

ME=
NODE

Somunnawnr

ABSOLUTE

0.11558E-004

SOLUTION PER NODE

soecee POSTA NODAL DEGREE OF FREEDOM LISTING xswece
LOAD STEP= 1 SUBSTEP=
I 1.0080

1
LOAD CASE= @

UALUES

7. Plot pressure
distribution

8/4/20

High Vacuum
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Dist Pressure (Pa) _Pressure (Torr) _|Dist Pressure (Pa) _Pressure (Torr) _|Dist

0.00 1.16E-05} 8.676-08) 0.00
0.17 1.15E-05} 8.66E-08) 0.17

033 1.15€-05} 8.64E-08) 033
0.50 1.15E-05} 8.60E-08) 0.50
0.66 1.14E-05| 8.55€-08) 0.66

0.83 1.13€-05} 8.48£-08) 0.83
1.00 1.12€-05} 8.39E-08) 1.00
116 1.12€-05} 8.41E-08) 1.16
133 1.12€-05} 8.426-08) 133

Min: 8.39E-08| Min:
Avg: 8.54€-08 Avg:

Blepplel|:[:loekolerlaRlafl

&

Max: 8.67E-08] Max:

1.16E-05|
1.15E-05|
1.15€-05|
1.15E-05|
1.14E-05|
1.13€-05}
1.12€-05|
1.12€-05}
1.12€-05]

8.67€-08] 0.00
8.66E-08] 017
8.64E-08] 033
8.60E-08] 0.50
8.55E-08] 0.66
8.48E-08] 0.83
8.39E-08] 1.00

8.42€-08] 116
8.42€-08] 133

8.67E-08]
8.39E-08]
8.54E-08]

o N n s w N e

TEMP.

) Comments

NODE TEMP
1.16€-05 1 1.16€-05
1.15€-05 2 1.15€-05
1.15E-05 3 1.15€-05
1.15€-05 4 1.15€-05
1.14E-05 5 1.14E-05
1.136-05 6 1.136-05
1.12€-05 7 1.12€-05
1.12€-05 8 1.12€-05
1.12€-05 9 1.12€-05

6. Convert data back to vacuum

Run B Distance

Ultra-High Vacuum

Distance (m)
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Vacuum Simulations for the Laser Transport
System (LTS)-Variables

7

Formula Editor

Formula list

Expression Name (optional] Walue -
[]4813/D14346°2143 710417 [ l
il

| Fecalculate now | Move Up_| [Move Doyn |

r@ Format

lon pump speed and placement
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=) Selected Facet [none)
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[ Outg/arealmbarl/s/cr)

[ Particles out

Sticking factor: )
Pumping Speed /sk [
S [ o
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Temperature [K):

Area (el -
Pofle [ <
(i) i) (Con

‘—1 Shortcuts

le.pl. | | Textue pl. | | Texscaling

(=) Simulation

[«csin | |_Pesune |[_Reset |
[+ Auto update scene | Updale
His (172 Mhit (1268 Khi/s) |
Des. (3825 Kdes (282 Kdes/s)
Leaks [None

Time (Stopped: 000014

# Hits Des Abs |4
14344 4477 0 1]
1434 2965

1434€ 381221

Middle
mirror box’s
orifice
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Vacuum Simulations for the Laser Transport
System (LTS)-Results

Initial design: Final design: adjusted
4 ion pumps orifice size to remove an ion
0.8” orifice holes ) pump

Final proposed design-
meets experimental
requirement at 8.67E-11 torr
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LED Atom Tracker-Purpose

+ Allow spectators to see where the Sr
atoms are while the experiment is running

 Public outreach

Where is the Sr?

Programmable LEDs in action

2= Fermilab
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LED Atom Tracker-Procedure

. Text - 3y a8 * 1 (ArduinoUnoR3) ~
. ) N . . : N . . . I #include <Adafruit NeoPixel.h>
The function DelayTime[MaxHeight_,LEDDensity_] calculates a function to implement into the code using the height and LED density of the LED strips: ﬁ #include <math.h>
inj3}= DelayTime[5000, 60] ‘_ #define LED_PIN 6
n™ LED time of 1st flash - 102.041 (9.89949 -Re[+/98. - 0.326667 n]) milliseconds
#define LED_COUNT 100 // 60 LEDs in Im
n™ LED time of 2nd flash = 1016.15 + 58.3212 /300 - n milliseconds Adafruit_NeoPixel strip(LED_COUNT, LED_PIN, NEO_GRB + NEO_KHZ800);
void setup()
strip.begin();
n™ LED delay time - -102.041 Re[+/98. - 0.326667 n J +102.041Re[+/98.3267 - 0.326667 n| milliseconds strip.setBrightness(255);
strip.show(); // initialize all pixels to off
Minimum delay time (bottom of trajectory) = 1.68 milliseconds }
Maximum delay time (top of trajectory) = 58.3 milliseconds void loop()
{
for (int n = 0; n < LED_COUNT; n++) {
double wait = (102.49%(4.427-sqrt((19.6-0.32%n))));
Flash Time Delay Time strip.setPixelColor(n, 0, 255, 0);
strip.show();
- _ . " delay(wait);
Flash time Tf (ms| delay time (ms)
e O Delay time (ms) strip.clear();
2000 60 }
50 }
Outj3}= 1500 40
1000 T:f %
500 / 2
10
0 LEDn 0 LEDn
0 50 100 150 200 250 300 0 50 100 150 200 250 300
™D serial Monitor -

1. Calculate atoms’ trajectory, Mathematica
Notebook courtesy of Sam Carman, Stanford

OO0 BEH
LEDAGmTrackerScienceMiade

#include <Adafruit_NeoPixel.h>
#include <math.h>

2. Design in TinkerCAD

#define LED_PIN 2

#define LED_COUNT 300 // 300 LEDs in

3.Create | ) | 4. Co_nnect
programin| ., Arduino to

strip.beginQ;
strip.setBrightness(255);

Arduino | - F =S e LED strip

void loop()

for (int n = @; n < LED_COUNT; n++) {
n e ra e double wait = 102.041%(9.89949-5qrt((98.0-0.326667*1)));
strip.setPixelColor(n, 255, 255, 255);
strip.shon();

delay(wait);

Development | =%
Environment
(IDE)

2% Fermilab
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LED Atom Tracker- Pro_cedure

5. Run the Circuit

2= Fermilab
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LED Atom Tracker- Results

 5m segment complete
— Software programs
— Stable Connections
— Start on button press

* Power requirements

 Recommendations on how to scale Connection for power injection

Circuit starting
on button press

2= Fermilab
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LED Atom Tracker- Future

« Scale up to 100m
— Power injection

« Safety specifications
Software for all science modes

13
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EDAtomTrackerScienceMode2 §
#include <Adafruit_NeoPixel.h>
#define LED_PIN 2

#define LED_COUNT 300

// declare n

// put y ode h
trip.begin(Q)
trip.setBrigh s(127)
}
void loop(Q) [
// put your main co h p edly
scienceModez2();

oid scienceMode2() {

double wait = 5.0;

for (int i = @, j = 200; i <50; i++, j++) {
strip.fill(strip.Color(127,0,0), i, 3);
strip.fill(strip.Color(@,@,127), j, 3);
strip.show(Q);
delay(wait);
strip.clearQ);

Jordan Aasman | Intern Poster Session

e neopixel strip object:
Adafruit_NeoPixel stripCLED_COUNT, LED_PIN, NEO_GRB + NEO_KHZ800);
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MAGIS-100 Collaborators
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JOHNS HOPKINS <=~ University @ LIVERPOOL e Fermllab
“C B UNIVERSITY OF s h 1linoi - UNIVERSITY OF
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